Lasers for free-space optical communications  by Szweda, Roy
Free-space optics (FSO) - or telecoms sys- 
tems based on free space lasers (FSls) - 
have attractions as an alternative to existing 
signal conduits such as fibre or wireless. 
Roy Szweda, 
They offer high data rates (about 1 Gb/s) and 
can be as much as a fifth the cost of under- 
/&SOCigtG Editor ground fibre. The technology also has the 
potential to become a strong niche market in 
telecoms over the next five years: The 
Strategis Group estimates that global FSO 
equipment revenues could grow from 
USSioom to USSzbn by 2005. But, despite 
the attractions, FSO has drawbacks which 
may mean it remains a niche alternative. 
Lasers for free-space 
optical communications 
if effective 
competition in 
satellite TVis to 
exist, then serv- 
ice providers like 
NTL must find a 
way around the 
copper-replace- 
ment problem. 
Free-space 
lasers could 
be the answer, 
possibly trigger- 
ing demand 
for many 
optoelectronic 
components. 
Today’s telecoms systems are dominated by two 
principal applications: 
l Fibre optics, and 
l Wireless (i.e. RF). 
Free-space optics technology fits into the second 
category, but has some of the features of the 
first. Many of the aspects of FSO are related to 
fibre optics.The important difference is that the 
transmission medium is air (“free space”) rather 
than the glass of the hbre-optic cable. 
The technology uses laser light of infrared wave- 
lengths to transmit optical signals between two 
points via free space.This requires devices simi- 
lar to those used for the transmission through 
fibre-optic cable, except that the signal is trans- 
mitted through free space and not via optical 
cable capable of transmitting data, voice or 
video.The advantages of such a free-space system 
are said to be: 
No need for trenching 
Time and labour saving (quick and efficient 
installation) 
Does not require radio permits and licenses 
(as required for microwave systems) 
Bandwidth equal or superior to fibre systems, 
and much better than RF 
Unlike cable, FSO is a recoverable and non- 
fared asset 
FSO does not cause electromagnetic interfer- 
ence with other equipment. 
However, the wavelength of such transmissions 
is affected in different ways by the environment 
(i.e. by the weather).The three most significant 
conditions that affect laser transmission are: 
l Absorption 
l Scattering 
l Shimmer. 
All three conditions attenuate the transmitted 
energy, affecting reliability and the bit error 
levels. 
Performance issues 
The fibre-optic telecoms sector has become big 
business but falls short of maximizing its full 
potentialThis is less due to performance than 
cost. Currently there is much debate on the 
amount of fibre in use (so-called “lit” fibre) versus 
the amount of fibre that is available but still 
pending use (so-called “dark” fibre).This situation 
is itself a result of the high cost of installation of 
the fibre-optic cables&r excess of fibre was 
installed so that the capacity can quickly be read- 
ied for increased demand without having to lay 
new cables.This substantial cost impacts the 
overall competitiveness of fibre. 
It has also prevented the deployment of “fibre-to- 
the-home”. Revenues from services such as inter- 
active TV have yet to be seen as outweighing the 
initial high costs of fibre installation. For exam- 
ple, upgrading existing analog, copper-wire based 
networks for the UK’s NTL is proving a major 
headache.A good deal of investment is required 
before any revenue will accrue from the new 
digital services. 
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No such problems exist for the dominant satellite 
TV service provided by Sky TV If effective 
competition in satellite TV is to exist, then service 
providers like NTL must find a way around the 
copper-replacement problem. Free-space lasers 
could be the answer, possibly triggering demand 
for many optoelectronic components. 
However, these devices would not be the same 
as those required for fibre. 
The latter application is a big success for III-V 
semiconductor diode lasers and detectors 
because of the perfection of the requisite materials 
and process technologies. Such devices precisely 
and efficiently match the characteristics of fibre- 
optic transmission, namely emission at the mini- 
mum attenuation windows at 1.3 and 1.55 pm 
wavelengths. 
The attenuation characteristics of “free space” 
(i.e. air but also the vacuum of space) make inter- 
satellite communications a promising application 
for FSO. FSO systems are already being deployed 
as communications media in a number of key 
Figure 1. apical applications 
for free-space lasers include 
ofk~tcx~ce communications, 
and fibre-to-the-home 
communications as we// as 
communications from 
satellite-to-satellite, from 
satellite-to-ground-station, 
and to interplanetary probes. 
Digging up roads 
to lay fibre-optic 
cable is never 
going to be 
cheap. But FSO 
systems on the 
roofs of offices 
and houses are 
an altogether 
more cost-eflec- 
tive solution. 
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Figure 2. An artist’s impres- 
sion of the European Space 
Agencys Advanced Relay and 
Technology Mission Satellite 
(ARTEMIS), launched in July 
for testing and operating new 
telecommunications tech- 
niques. ESA is exploring tech- 
nology to transmit data 
direct/y from one satellite to 
another using laser beams. 
ARTEMIS carries two payloads 
for communications directly 
between satellites, which will 
receive data from low-Earth- 
orbiting satellites and trans- 
mit them directly to Europe: 
(i) a laser-optical relay termi- 
nal called SILEX; (ii) a double 
YKa-band terminal called 
SKDR. (PHOTO ESAIJ. Huart) 
Worldwide FSO 
equipment 
revenues will 
rise from 
approximately 
US$2oom in 
2001 to 
US$3.8bn by 
2006. 
IGI Consulting 
applications around the world.This is important 
because it demonstrates the effectiveness of FSO 
as an option for achieving reliable high-band- 
width communications.There had been doubts 
as to its use.These arose from such concerns as: 
l Weather disruption 
l Signal blockage (e.g. by birds) 
l Eye safety 
l Stability and reliability 
l Security 
l Line-of-sight. 
Proponents of FSO say that all these issues have 
been dealt with and prove to be no obstacle to 
effective communications over a short range 
(e.g. building-to-building). 
Installation is little different from fitting a 
microwave satellite dish.The pair of units is 
attached to convenient line-of-sight poles, for 
example, signal and power leads attached. 
Following alignment, transmission and recep- 
tion is locked-in and users report performance 
at least as good as that from fibre or radio 
systems. 
At the moment there are only a few companies 
offering FSO systems.The large corporations 
which provide fibre or radio systems seem to be 
happy to continue to work on making the exist- 
ing systems ever more competitive.This is all 
well and good but - however small the cost of 
the fibre or associated components - the disad- 
vantage will always be the cost of laying the 
cable. Digging up roads to lay fibre-optic cable is 
never going to be cheap. But FSO systems on the 
roofs of offIces and houses are an altogether 
more cost-effective solution. 
Devices 
In addition, one of the advantages of FSO is that 
it does not require specialist new components. 
Those systems deployed today are constructed 
from off-the-shelf lasers and detectors little differ- 
ent from those used in fibre-optic systems. Some 
companies are, of course, offering components 
which target the FSO market. For example, 
Princeton Lightwave Inc recently launched a 
device with 340 mW output power from a 
1550 nm distributed feedback (DFB) laser coupled 
into a single-mode fibre.This power level is more 
than twice the previous record of 165 mW, the 
company says. 
PLI’s WaveHarp product line is a family of 
advanced DFB lasers that emit at high power in a 
narrow spectral band.As a wavelength-stabilized 
pump, the WaveHarp takes the bold approach of 
incorporating the grating on the laser chip, elimi- 
nating the need for an external fibre Bragg grat- 
ing and reducing costs.As a source laser, it can 
reduce the need for amplifiers in metro DWDM 
networks, leading to significantly reduced system 
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cost and complexity. However, its most interest- 
ing application may be in free-space optical 
networks. 
While transmitters for free-space optics applica- 
tions have been shifting into the 1500 rnn 
eye-safe wavelength range, so far they have been 
limited to one wavelength channel for transmis- 
sion of the signal. PLI’s WaveHarp products offer 
exceptional wavelength stability, enabling Coarse 
Wavelength Division Multiplexing (CWDM) con- 
figurations with 4 or 8 channels for transmission 
and a corresponding number of channels for 
reception. In addition, the high power output of 
the WaveHarp transmitters enables generous 
power budgets for network designers, potentially 
leading to less expensive networks on a cost-per- 
bit basis. 
The high wavelength stability, high power, and 
the compact footprint enables cost-efficient 
WDM in free-space optical access networks, 
Princeton claims. 
Markets 
Naturally, there have been forecasts for the FSO 
market. For example, the report “Free-Space 
Optics (‘FSO), Light by Air” by IGI Consulting 
(Tel: +1617-232-3111) predicts that worldwide 
FSO equipment revenues will rise from approxi- 
mately US$200m in 2001 to US$3.8bn by 2006. It 
says that there are numerous upcoming opportu- 
nities available to FSO equipment manufacturers 
and service providers. FSO is not a new technol- 
ogy but one whose “time has come”, since it pro- 
vides transmission speeds of up to 2.5 Gb/s and 
is secure, eye-safe and reliable. It can be used by 
CLECs and ISPs to conquer the last mile, by 
network operators to close a SONET ring, or 
for network-to-network interconnection. 
Furthermore,The Strategis Group says that the 
practice of relying on just one access technology 
to reach the customer is going to have to 
change, so access technology diversification is 
the key. Last-mile operators need to reach the 
customer by any means necessary, whether it is 
by copper cable, broadband wireless, “dial-up”, 
or FSO. FSO is therefore a viable alternative avail- 
able to service providers who understand that 
there is more than one way to provide service 
to the customer, it concludes. 
Space lasers 
Free-space lasers are also seriously being con- 
sidered for space communications. Both NASA 
and the European Space Agency have systems 
which exploit the special attractions of 
free-space laser communications. 
The ESA Advanced Relay and X?khnology MISsion 
(ARTEMIS) data relay satellite (see Figure 2) is 
the first to exploit free-space lasers. It will 
demonstrate them in near-earth orbit for the first 
time via the optical payload experiment inter- 
satellite link connecting with the earth observa- 
tion satellite Spot 4. ESA’s Semiconductor laser 
Inter-satellite Z&k EXpetiment (SILEX) uses a 60 
mW laser at a wavelength range of 800-850 rnn 
to link the pair with a 50 Mb/s datalink. 
The most challenging aspect of free-space lasers 
in such applications is pointing and locking-on 
with the beam. Since the angular divergence is 
just a few micro-radians, this translates to an area 
of just 1 ft2 at a distance of 100 miles. 
NASA also has an free-space laser experiment 
planned for the International Space Station (ES). 
The optical communication demonstration and 
high-rate link facility comprises a satellite uplink 
from a ground station using a 2.5 Gb/s data link. 
This is based on a 200 mW erbiumdoped fibre 
amplifier (EDFA) at 1550 nm and shows one of 
the advantages of free-space lasers in the adoption 
of commonly-used terrestrial datacoms equipment. 
FSO futures 
New-build offices and conurbations are enjoy- 
ing the benefits of fibre from the outset - this 
is still costly but less so than retrofitting. 
However, retrofit is where the biggest market 
opportunity lies. 
For high-bandwidth datacoms for interactive 
digital services, free-space lasers offer one of 
the few cost-competitive solutions.As is the 
case for satellite dishes, aesthetic considerations 
always have to be borne in mind. Fibre is effec- 
tively out of sight, but that benefit comes with 
a high price tag. So, if the much-vaunted digital 
services are ever to become the big revenue 
streams that they are mooted to be (and the 
need for these is still open to question) then 
carriers will either have to bite the bullet and 
invest in the hardware and dig up the streets 
and gardens, or festoon our neighbourhoods 
with the cheaper option of free-space laser 
receivers and transmitters. 
Whichever route is chosen, the only sure thing is 
a new bonanza for opto components based on 
III-Vs semiconductors. 
The practice of 
relying on just 
one access tech- 
nology to reach 
the customer is 
going to have to 
change... Last- 
mile operators 
need to reach 
the customer by 
any means nec- 
essary, whether 
it is by copper 
cable, broadband 
wireless, “dial- 
up”: or FSO. 
The Strategis Group 
Whichever route 
is chosen, the 
only sure thing 
is a new 
bonanza for opto 
components 
based on Ill-Vs 
semiconductors. 
Ill-VS REVIEW THE ADVANCED SEMICONDUCTOR MAGAZINE VOLu+ - NO 8 - October aom 
